The semiempirical AM1 SCF method is used to study the first static hyperpolarizabilities of some novel mono-O-Hydroxy bidentate Schiff base in which electron donating (D) and electron accepting (A) groups were introduced on either side of the Schiff base ring system. Geometries of all molecules were optimized at the semiempirical AM1. The first static hyperpolarizabilities of these molecules were calculated using Hyperchem package. To understand this phenomenon in the context of molecular orbital picture, we examined the molecular HOMO and molecular LUMO generated via Hyperchem. The study reveals that the mono-O-Hydroxy bidentate Schiff bases have large values and hence in general may have potential applications in the development of nonlinear optical materials.
Introduction
An intense research activity is currently associated with the synthesis and development of molecule-based secondorder nonlinear optical (NLO) materials, involving organic chromophore and metal complexes [1] [2] [3] . The Schiff base compounds have been under investigation for several years because of their potential application to optical communications and because many of them have NLO behaviour [4, 5] . The design of efficient organic materials for the nonlinear effect is based on molecular units containing highly delocalized Π-electron moieties and extra electron donor and electron acceptor groups on opposite sides of the molecule at appropriate positions on the ring to enhance the conjugation. The effect of electron withdrawing and electron attracting substituents on the first hyperpolarizability of conjugated systems has received a great deal of attention in recent years [6, 7] . It was shown that the type of substituent plays a major role in charge transfer through the molecule and therefore in nonlinear properties [8] . Prasad and Williams [9] explained that the certain classes of organic materials exhibit extremely larger NLO and electrooptic effect. The design of most efficient organic materials for the nonlinear effect is based on molecular units containing highly delocalized pi-electron moieties and extra electron donor (D) and electron acceptor (A) groups on opposite sides of the molecule at appropriate positions on the ring to enhance the conjugation. The pielectron cloud movement from donor to acceptor makes the molecule to be highly polarized. The chromophore design was mainly done by synthetic explorations which are time consuming and costly process. At the same time, measurement of the molecular nonlinear optical coefficients ( ) requires the use of the well-known electric-field-induced second harmonic (EFISH) experiment, in which only the vector component of tot parallel to the molecule's ground state dipole moment can be determined [10] . To avoid these problems, the development of quantum procedures for the science of chromophore design and proprieties calculation has taken a different route especially due to the birth of quantum chemistry packages [11] . One of the best computer semiempirical program packages is Hyperchem 7.0 (molecular modelling system) [12] . This package can be used to study the electronic structure and energy of ground and excited states of atoms, molecules, ions, first hyperpolarizability, second hyperpolarizability, and so forth. Our objective is to design a range of novel asymmetric mono-O-Hydroxy Schiff base compounds as model to evaluate the electronic properties and NLO responses. The approach is based on the concept of charge transfer (CT) between donor and acceptor through the molecules. In this research work, first hyperpolarizabilities ( ) are calculated using semiempirical AM1 method using Hyperchem program package.
Computational Procedures
All hyperpolarizability calculations of the O-Hydroxy bidentate Schiff bases ( Figure 1 ) were performed using Hyperchem software [12] , Intel Pentium P4 2002 XP with the Windows XP operating system. The AM1 Hamiltonian calculation was used for geometric optimization of the molecules and to calculate parameters like bond length, bond angle, core-core attraction, heat of formation, ionisation potential dipole moment, HOMO-LUMO gap, and Mulliken population analysis of the outermost MO for mono-O-Hydroxy Schiff base ligands 1-10.
Second-Order Nonlinearities
The existence of NLO phenomena is represented at the microscopic level as Taylor's expansion of the relationship between the spatial components of the induced dipole moment and the components of the electronic field that create it [13, 14] , as shown in
where = ( / ) 0 , = ( / ) 0 , and = ( / ) 0 . These tensors can also be developed from Taylor's expansion of the Stark energy, as shown in
where (0) is the energy in the absence of the electric field ,
In the above equations the subscripts , , , and refer to the molecular coordinate system and , , and so forth denote the components of the applied field. Note that these approximations are valid only for fields and polarizations that are small relative to atomic fields. When small electric fields are employed, the terms containing and components can be ignored and the relation is assumed to be linear.
The values that are usually calculated are the molecular quantities: , , and , which are the polarizability, firstorder hyperpolarizability, and the second-order hyperpolarizability tensors, respectively. A value that is useful in measuring second-order NLO properties is the mean first-order hyperpolarizability , which is calculated as
The indices indicate the projection of field components in the direction indicated by the second two indices ( ) on the molecular axis indicated by the first index ( ), and the vectorial nature of for fixed molecular and field direction is clear. If we devise an experiment where the applied field is pointed in the direction of the molecular -axis which is parallel to the dipolar axis of the molecule, will be the dominant contributor to the nonlinear response. Since the values of the first hyperpolarizability tensors of the output file of Hyperchem are reported in atomic units (a.u.), the calculated values were converted into electrostatic units (1 a.u. = 8.6393× 10 −33 esu). 
Results and Discussion
The molecules studied in this investigation employing semiempirical AM1 calculation are shown in Figure 1 . The study involves the calculation of first hyperpolarizability tensor for all 1-10 mono-O-Hydroxy Schiff bases ligands. It is intended to compare the electronic effect on the first hyperpolarizability of mono-O-Hydroxy Schiff bases ligands upon substitution of donor and acceptor groups at appropriate positions. All first hyperpolarizabilities calculated for the molecules under investigation are given in Table 1 . The magnitude of the first hyperpolarizability tensor of all N-salicylidene-aniline derivatives studied is dependent upon the availability of the lone pair of electrons on the nitrogen atom to conjugate with the N-salicylidene-aniline moiety.
The dramatic increase of first hyperpolarizability has been observed when the lone pair on the nitrogen atom of the donor group is forced to conjugate with the N-salicylideneaniline ring system, upon substitution on nitrogen of NH 2 group with other groups, such as methyl, ethyl, and methylpyrrolidine. It is expected that molecule 1 with NH 2 as the donor group would give a higher value for first hyperpolarizability compared to molecule 7 where the donor group is OCH 3 . The enhancement of first hyperpolarizability from molecule 1 to 6 is attributed to the enhanced availability of the lone pair for conjugation with the N-salicylidene-aniline system. The increase of for molecules 1-6 is very significant.
Molecule 5 shows almost four times increase of first hyperpolarizability compared to molecule 4. Molecule 10 shows almost two times increase of first hyperpolarizability compared to molecule 7. The significant difference between molecule 4 and molecule 5 is the introduction of an extra double bond, which helped to introduce two pyrrolidine rings to the system which will enhance the conjugation. The magnitude of the first hyperpolarizability tensor of molecule 5 is the largest relative to the other molecules. The molecular hyperpolarizability value of this molecule is about 1000 times that of urea (0.14 × 10 −30 esu). In molecules 8−10 consisting of combination of NO 2 and CN as acceptor groups we observed a high value for . The results obtained for molecule 9 when the R1 and R2 substituents were -NH 2 and -CN groups, respectively, show a decrease for first hyperpolarizability compared to all molecules. This means that the presence of the -NH 2 group together with the -CN in N-salicylidene-aniline based ligands decreases the nonlinear optic property of these types of ligands.
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The AM1 calculated HOMO-LUMO gaps for all Nsalicylidene-aniline derivatives are shown in Table 2 and summarized graphically in Figure 2 .
As shown in Table 2 substitution of different electron pushing groups on nitrogen of NH 2 group in molecules 1-6 increases the energy of the molecular HOMO, while leaving the LUMO energy essentially unchanged due to the same acceptor group. Thus, the energy gap decreases with the substitution on nitrogen of NH 2 and produces a larger hyperpolarizability.
The substitution of -OCH 3 group for NH 2 reduces the energy of the HOMO while leaving the LUMO energy unchanged. This has led to a larger energy gap than that of molecules 1-6 and produces a decrease in beta value. As can be seen from Figure 2 ligands 1-6 differ only by R1 substituent. The significant differences of the band gaps of these ligands indicate that the role of this substituent in prediction of the band gap is very important.
The substitution of CN group decreased the LUMO energy while keeping the HOMO unchanged which has led to a larger energy gap and shows a further reduction of the beta. In molecules 8-10 the HOMO is comparable but a large decrease in LUMO of molecule 10 has been observed and this has resulted in the smallest gap and the largest beta. Figure 2 shows also the inverse relationship between calculated tot and gap . The AM1 values for selected compounds show that it could be interesting to synthesize compounds with end parts in polyacetylene (NO 2 /N(Et) 2 , N(Me) 2 , NH, NH 2 , NHNH 2 , NHOH, and OH) groups having the greatest and the lowest, respectively, tot and gap values. The nonlinear optical (NLO) properties of conjugated molecules have been extensively studied as these compounds form a promising class of organic materials with interesting characteristics for photonic applications. Oudar and Zyss [15] found that the level of SHG response of a given material is inherently dependent upon its structural attributes. On a molecular scale, the extent of charge transfer (CT) across the NLO chromophore determines the level of SHG output. The greater the CT, the larger the SHG output. Chemla and Zyss [16] theoretical works have shown that the delocalization of Π-electrons in linear systems leads to large nonresonant optical molecular polarizabilities. Besides, geometric changes caused by incorporation of push-pull end groups can enhance the nonlinear polarizabilities of conjugated molecules.
Hayashi et al. [17] have calculated the linear and nonlinear polarizabilities in the side-chain direction of the polymer chains with all H atoms substituted by fluorine, hydroxyl, and cyano groups. Their results have shown that the coupling between electronic states of the side groups with those of the main chain increases the values of the perpendicular polarizabilities.
Conclusions
It is evident that the first hyperpolarizability tensor of Nsalicylidene-aniline derivatives strongly depends on the electronic structure of the molecule. In these molecules, where there is connectivity between two rings, system tends to rotate through the carbon-carbon sigma bond. This will increase the overlap of interacting orbitals, which will eventually increase the CT from donor to acceptor through the Nethylidenemethanamine moiety.
The HOMO-LUMO calculations show that the first hyperpolarizability of these derivatives is directly related to the HOMO-LUMO energy gap. The highest is molecule 5 which has the smallest energy gap while the smallest is 7, which has the highest energy gap. The study reveals that these N-salicylidene-aniline derivatives have important first static hyperpolarizabilities and may have potential applications International Journal of Metals 5 in the development of NLO materials. It is important to stress that, in these calculated values, we do not take into account the effect of the field strength on the nuclear positions; we evaluate only the electronic component of . The vibrational contributions which, for conjugated systems, can be important according to the NLO process are left for further investigations.
